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ABSTRACT

Cycling (n = 90)and pregnant(n = 51) beef cows were utilized as oocyte donors to
examine the effects of body condition and pregnancy status on oocyte development.
Cows were scored for body condition (BCS, scale 1-9) immediately prior to slaughter and
classified as either good(BCS = 5-6) or thin(BCS = 3-4). Blood samples were collected
for determination of progesterone (P4), insulin (INS), non-esterified fatty acids(NEFA),

and blood urea nitrogen(BUN)at exsanguination. Ovaries were collected approximately

15 minutes postmortem and separated into one offour groups based on body condition
and pregnancy status: good non-pregnant(GNP; n = 96), good pregnant(GP; n = 54),
thin non-pregnant(TNP; n = 84), and thin pregnant(TP; n = 48). Blood samples and
ovaries from cows greater than the first trimester of pregnancy were discarded. At the
laboratory, the number of small(< 5 mm), medium (6-10 mm), and large(>10 mm)
follicles per ovary and the presence or absence of a corpus luteum were recorded.
Oocytes were collected from follicles and subjected to identical in vitro maturation,
fertilization, and culture procedures. Only oocytes with a compact layer of cumulus cells
and an evenly granulated cytoplasm were utilized. Total number of oocytes utilized per
group were 306, 249, 225, and 252 for GNP, GP, TNP, and TP, respectively. Embryos
were fertilized with proven quality semen and cultured in simple media. On days three and

eight post-fertilization, cleavage, 8-cell, and blastocyst development was recorded. Blood

samples were statistically analyzed by BCS, while follicular populations and embryonic
development were analyzed in a 2 x 2 factorial by BCS, pregnancy(PREG)status, and the
interaction between BCS and PREG. Good and thin conditioned cows exhibited no
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differences in concentrations ofP4(P = .77), NEFA(P = .52) or BUN(P = .65). Insulin
concentrations were lower in thin (.5 ± .04 ng/ml) compared to good conditioned cows

(.67 ±.04 ng/ml; P = .0003). Results of metabolic assays indicate that thin cows were not
nutritionally stressed and any effects measured were due to BCS alone. Body condition
and PREG did not affect the number of oocytes recovered, nor embryonic development to
the cleaved, 8-cell, or blastocyst stages. Total numbers offollicles per ovary were greater

in pregnant cows(13.3 ± 1) compared to cycling cows(10.5 ± .8; P = .006).
Furthermore, thin body condition and TNP cows exhibited a strong tendency to be lower
than all other groups(P = .09; P = .07, respectively). Numbers of small follicles were

greater in good body condition cows(11.6 ± .7) compared to thin cows(9.9 ± .7; P =
.05), and pregnant cows(12.3 ±.8) compared to non-pregnant cows(9.2 ± .6; P =
.0001). Medium and large follicles did not differ between BCS and PREG. In
conclusion, body condition and pregnancy status did not influence developmental potential
of oocytes to the blastocyst stage.
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1. INTRODUCTION

The effects of decreased nutrition and subsequent loss of body weight and body

condition have long been known to detrimentally influence reproduction in cattle (Baker
and Quesenberry, 1944; Hafez, 1959; Wiltbank et al., 1962; 1964; Dunn et al., 1969;
Richards et al., 1986). Restricted diets have been shown to decrease pregnancy rates

(Wiltbank et al., 1962), affect ovarian activity and reproductive endocrine systems
(Wiltbank et al., 1963; Staigmiller et al., 1979; Rutter and Manns, 1991), and even cause
anestrus in severe cases(Richards et al., 1989; Schrick et al., 1992; Rhodes et al., 1995).
Body condition score has been demonstrated to be a reliable estimate of nutritional
status (Richards et al., 1986; Houghton et al., 1990). Poor body condition has been
shown to cause decreased reproductive efficiency (Wright et al., 1992; Rae et al., 1993;
Markusfeld et al., 1997), has been used to monitor nutritional and reproductive status
(Houghton et al., 1990; Short et al., 1990), and can also determine carcass energy content
(Dunn et al., 1983). Most studies agree that dietary energy restriction with associated loss

in body condition is one ofthe main nutritional factors affecting reproduction (Wiltbank et
al., 1962; Dunn et al., 1974; Bond and Wiltbank, 1979; Short et al., 1990). Unfortunately,
few researchers have been able to separate the effects of body condition alone from those
of energy restriction or loss of body weight.
Many energy restriction studies have shown to negatively affect embryonic

development (Hill et al., 1970; Ayalon, 1978). Many studies have been focused on

endocrine profiles(Imakawa et al, 1986; Rhodes et al, 1995), ovarian characteristics
(McShane and Keisler, 1991; Rutter and Manns, 1991), and direct effects on the embryo
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(Spitzer et al, 1978). However, variabilities in experimental design and results have failed
to determine the stage of development at which embryos may be affected by nutrition.
Meanwhile, the effects of body condition and nutrient restriction on the oocyte have only
been briefly investigated (Grreer et al., 1992; Dominguez, 1995).
Due to the lack of evidence for body condition alone as being a controlling factor
in embryonic development and the need for studies focusing on the oocyte itself, this study
was designed to determine the effects of body condition on developmental potential of
oocytes. In vitro maturation, fertilization, and culture techniques were utilized to conduct
this experiment in order to elucidate direct effects on the oocyte itself.

2. LITERATURE REVIEW

Validation of Body Condition Score as a Nutritional Measurement

Body condition score(BCS)in cattle is a subjective measurement of body fat
based on visual and palpatory examinations(NRG Requirements for Beef Cattle, 1996;

Table 1), Body condition score has been proven to be one ofthe most helpful aids in
determining nutritional status and reproductive capability in cattle (Houghton et al., 1990;
Randel, 1990; Short et al., 1990).

Body energy and body fat are highly related to BCS. Wright and Russel(1984)

reported positive correlations betAveen BCS and body energy (r^= .91) and fat(r^= .91) in
slaughtered mature cows. Otto et al.(1991)found a similar relationship (r^= .57)
between BCS and fat by evaluating tissue content ofthe ninth to eleventh ribs in
slaughtered cattle of various condition scores. As expected, live weight decreased with
reduced BCS.

The effects of body condition on reproduction in cattle are nearly identical to the
effects of decreased energy intake and weight loss as reviewed by Randel(1990) and
Dunn and Moss(1992). Rae et al. (1993)reported lower pregnancy rates in beef cows

with BCS offour or lower(59%)as compared to cattle with BCS of5 and above(90%).
Low BCS at calving has been shown to result in longer periods of postpartum anestrus in
beef(Whitman et al., 1975; Richards et al., 1986; Wright et al., 1992) and dairy cattle

(Markusfeld et al., 1997). In cattle on nutritionally restricted diets, Richards and
coworkers(1986) demonstrated that only 68% of beef cows calving with a BCS offour or
lower had become pregnant by 60 days of the breeding season, while good conditioned

Condition

Body Fat

Score

percent

1

3.77

Appearance of Cow*"
Emaciated-Bone structure of shoulder, ribs, back, hooks and pins

sharp to touch and easily visible. Little evidence of fat deposits or
muscling.
2

7.54

Very thin-Little evidence offat deposits but some muscling in
hindquarters. The spinous processes feel sharp to the touch and are
easily seen, with space between them.

3

11.30

Thin-Beginning offat cover over the loin, back, and foreribs.
Backbone still highly visible. Processes of the spine can be identified
individually by touch and may still be visible. Spaces between the
processes are less pronoimced.

4

15.07

Borderline-Foreribs are noticeable; 12"" and 13*^ ribs still noticeable to
the eye, particularly in cattle with a big spring of rib and ribs wide
apart. The transverse spinous processes can be identified only by
palpation (with slight pressure) to feel rounded rather than sharp. Full
but straightness of muscling in the hindquarters.

5

18.89

Moderate-n"'and 13'*' ribs not visible to the eye unless animal has
been shrunk. The transverse spinous processes can only be felt with

firm pressure to feel roimded-not noticeable to the eye. Spaces
between processes not visible and only distinguishable with firm
pressure. Areas on each side of the tail are fairly well filled but not
motmded.
6

22.61

Good-Ribs fiilly covered, not noticeable to the eye. Hindquarters
plump and fiill. Noticeable sponginess to covering offoreribs and on
each side of the tail head. Firm pressure now required to feel
transverse process.

7

26.38

Very good-Ends of the spinous processes can only be felt with very
firm pressure. Spaces between processes can barely be distinguished
at all. Abundant fat cover on either side of tail head with some

patchiness evident.
8

30.15

Fat-Animal taking on a smooth, blocky appearance; bone structure
disappearing from sight. Fat cover thick and spongy with patchiness
likely.

9

33.91

Very fat-Bone structure not seen or easily felt. Tail head buried in fat.
Animal's mobility may actually by impaired by excess amount of fat.

^Adapted from Nutrient Requirements of Beef Cattle, 1^ edition, 1996.
''Adapted from Herd and Sprott, 1986.

cows(five and above) exhibited an 85% pregnancy rate. Interestingly, they also found
that feeding extra energy (flushing) before breeding can enable cows calving with low
BCS to achieve similar pregnancy rates to those cows in good condition.
Low BCS has also been shown to affect the hypothalamic-pituitary axis. Wright et

al. (1992) reported lower luteinizing hormone(LH)pulse amplitude and concentration as
well as decreased LH pulse frequency in low BCS cows compared to cows in good body
condition.

Body condition has been proven to be a reliable nutritional measure of

reproductive status in cattle (Richards et al., 1986; Houghton et al., 1990; Randel, 1990)
and an estimation of body energy content(Dunn et al., 1983; Wright and Russel, 1984).

Therefore, that body condition score is a useful method of determining effects of restricted
energy intake on reproduction. When evaluating these data, it is important to remember
that body condition scores offour or lower have been shown to affect reproduction;
whereas, attempts to improve reproductive status of cattle scored five and above through
nutrition have had little success (Richards et al, 1986; Short et al, 1990).
Oogenesis and Oocyte Growth

The mammalian oocyte begins development from primordial germ cells during the
fetal lifespan of a female. Mitosis takes place through day 170 offetal development.
Primordial germ cells replicate into oogonia and then oocytes, increasing their number

from approximately 16,000 to 2.7 million and becoming capable of undergoing meiosis.
Oocytes need no endocrine or gonadal stimulus at this point, and will enter meiosis

spontaneously (Erickson, 1966a; Wassarman and Albertini, 1994).

In the fetal calf, meiosis begins in some oocytes as early as the third month in

utero. Primordial follicles, defined as a single layer of cuboidal or simple squamous
epithelium surrounding the oocyte, begin to appear in the ovary at four to five months of
development (Henricson and Rajakoski, 1959). All oocytes present in the fetal bovine
ovary will begin meiosis I and become arrested at the pachytene stage of the first meiotic
prophase before birth (Erickson, 1966a; Wassarman and Albertini, 1994).
Only about 130,000 oocytes remain in the neonate ovary due to atresia (Erickson,
1966b). Oocytes must then undergo a growth phase during which they expand from less
than 30 ixm to 120 //m in diameter and progress into the diplotene stage until maturation.
This growth phase is necessary for normal developmental potential of oocytes (Henricson
and Rajakoski, 1959; Hyttel et al., 1997). Hazeleger et al.(1995) demonstrated that
ooc34es less than 110 //m in diameter had far lower fertilization rates than oocytes 120 //m
or greater(17% vs. 87%, respectively). These researchers also reported that an oocyte
does not reach developmental competence of 110-120 //m until the antral follicle reaches a
diameter of 3 mm or greater in size. Blondin et al.(1997) support this theory by finding
that 0% of oocytes from follicles less than 2.7 mm in diameter reached the 16 cell stage of
development, compared with 25% and 40% of oocytes from medium (2.7 - 8 mm)and
large(> 8 mm)follicles, respectively.
This oocyte growth is in conjunction with activation of primordial follicle growth,

suggesting a relationship between the follicle and oocyte. While Wandji et al. (1996) has
determined that primordial follicles can mature in vitro without serum or gonadotropins,

signals that initiate primordial follicle activation still remain to be elucidated (Fortune,

1994; Wandji et al., 1996). It would appear that oocyte growth is dependent on antral
follicle growth. Furthermore, antral follicles are responsive to nutritional and endocrine
factors (Fortune, 1994; Roche, 1996). Therefore, the growing oocyte may be indirectly
dependent on nutritional factors as well.
Follicular Development and Ovulation
In cattle, follicular development occurs in two to three waves during the estrous

cycle. Each wave consists offollicular recruitment, selection of a dominant follicle, and a
period of dominance that results in either atresia or ovulation ofthe dominant follicle (as
reviewed by Ginther et al., 1996; Roche, 1996). As an animal reaches puberty, increasing

pulsatile secretion ofLH initiates the first ovulation and beginning of estrous cyclicity
(Schillo et al., 1992). For follicular development to continue, an increase in follicle
stimulating hormone(FSH)is required to initiate recruitment of a group offollicles at
least 3.5 mm in diameter. The dominant follicle becomes dependent on LH to determine

its fate. During low frequency LH pulses which occur during the luteal phase due to high
progesterone (P4), the dominant follicle will continue to grow, but will not receive an LH
surge necessary for ovulation and will subsequently regress (McNeilly, 1986; Roche,
1996). The lysis ofthe corpus luteum (CL)results in a decrease in P4 and increasing
pulsatility ofLH, accompanied by a high amplitude surge ofLH, causing ovulation ofthe

dominant follicle (as reviewed by Milvae et al., 1996). Estradiol(Ej) and inhibin produced

by the dominant follicle are the main regulatory mechanisms that act on FSH by negative
feedback, thereby causing other follicles to regress. LH pulse frequency and release are
governed by P4 levels and gonadotropin releasing hormone(GnRH)secretion, respectively

(Roche, 1996).

The oocyte is expelled during ovulation surrounded by several layers of cumulus
cells, which are necessary for normal oocyte maturation (Zuelke and Brackett, 1994).
Release ofthe oocyte from its follicular surroundings results in resumption of meiosis,
which causes extrusion ofthe first polar body and arrest at metaphase stage of meiosis II

(Wassarman and Albertini, 1994). Due to the LH surge, oocyte maturation actually
begins just prior to ovulation,(Wise et al., 1994). Oocyte maturation is accompanied by
an expansion ofthe cumulus cell layer mediated by FSH and LH(Lawrence et al., 1980;
Younis et al., 1989; Saeki et al., 1990; Zuelke and Brackett, 1994). In cattle and mice,

FSH is important in expansion (Zuelke and Brackett, 1994) and regulation ofLH
receptors on the cumulus cell layer(Chen et al., 1994). LH has been shown to increase
glucose and pyruvate oxidation and glutamine reduction in cumulus cells in order to
nourish the oocyte (Zuelke and Brackett, 1993; 1994).

After the oocyte has completed maturation, it is capable of being fertilized. Since
gonadotropins are unable to bind to the cumulus cell layer after 24 hours(Lawrence et al.,
1980) and the cumulus cells are lost soon after fertilization, the young embryo has no need

of gonadotropins. In some ofthe earliest in vitro studies, Tervit et al. (1972) determined
the early embryo's developmental requirements by successfully culturing 1-8 cell ovine
and bovine embryos to the morula stage with a mixture of only salt solution, pyruvate,
lactate, and glucose.

Approximately four days after ovulation and fertilization, the embryo, now an early
morula, enters the uterus (Hamilton and Laing, 1946). During this period, the embryonic

cells undergo the process of compaction, which is the beginning of blastocyst development
(Pratt et al., 1982). Embryos decrease pyruvate and lactate oxidation and increase glucose
and glutamine oxidation and reduction during the early morula to blastocyst stages(Boone
et al., 1978; Tiffin et al., 1991), and control of protein synthesis by the embryo switches
from the maternal genome to the embryonic genome (Frei et al., 1989).

The next crucial phase in embryonic development is the hatching ofthe blastocyst
from the zona pellucida (Hamilton and Laing, 1946). However, since it has so far been

impossible to culture embryos past the hatch stage in vitro, the exact nutrients required for
this phase of development(days 9-16) remain relatively unknown.
Maternal recognition of pregnancy, which occurs around day 16 of gestation in the
cow, is the next critical stage of embryonic development. At this point, the CL must be
rescued from luteolysis in order to continue production ofP4 for the maintenance of
pregnancy (as reviewed by Thatcher et al., 1997). Bovine interferon-tau (blFN-t) is a

protein complex secreted from the conceptus with the purpose of protecting the CL from
luteolysis(Helmer et al., 1989). Bovine interferon-tau binds to the uterine epithelium and

reduces pulsatile secretion of prostaglandin F-2 alpha (PGFoCx)(Helmer et al., 1989;
Meyer et al., 1995), possibly through induced activation or inhibition of prostaglandinproducing molecules. Production of LFN-x is regulated by developmental rate ofthe
embryo (Thatcher et al., 1997).

Endocrine Effects of Decreased Energy Intake (Decreased Body Condition) on
Oocyte/Embryo Development and Survivabiiity
Hypothalamic-Pituitary Axis

Gonadotropin releasing hormone(GnRH)release from the hypothalamus causes
secretion ofLH and FSH from the anterior pituitary. Several studies report no significant
changes in gonadotropin levels in energy restricted heifers or lactating cows (Spitzer et al.,
1978; Staigmiller et al., 1979; Schrick et al., 1990). However, Beal et al.(1978) proposed
that decreased energy intake may affect secretion or pituitary sensitivity to GnRH by

measuring increased LH release in energy restricted cows and heifers in response to GnRH
treatment. Lishman et al.(1979)reported that the LH peak induced by GnRH was higher
(60 ng/ml vs. 50 ng/ml) and occurred 30 minutes earlier in cows on a low plane of
nutrition compared to animals on a high plane of nutrition. Imakawa et al. (1987)

suggested that low energy intake initiates hypothalamic inactivity (fewer LH pulses) rather
than decreasing pituitary responsiveness to GnRH in ovarectomized heifers on a restricted
energy diet. However, caution should be used in interpreting the relevance of this study to

cycling animals, since Ej from the ovary influences GnRH. Upon reviewing reports of
decreased energy intake in the postpartum cow, Randel(1990) concluded that inadequate

hypothalamic control is responsible for decreased ovarian activity and subsequently lower
pregnancy rates.

Luteinizing hormone secretion has been shown to decrease in amplitude or
pulsatility during energy restriction in cattle(McCann and Hansel, 1986; Knutson and

Allrich, 1988; Richards et al., 1989; Wright et al., 1992). However, some confusion exists
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if and when LH is actually altered, since it has also been found to increase(Gombe and
Hansel, 1973; Dunn et al., 1974) or remain unchanged (Spitzer et al., 1978; Schrick et al.,

1990 and 1992). Most ofthese discrepancies can probably be explained by differences in
breed, age, size, and physiological status of experimental animals, as well as by levels and
length of energy restriction. Richards et al.(1989) concluded that LH amplitude and pulse

frequency does not decrease until just before nutritionally induced anestrus, thus indicating
that only severe restriction(24% loss of body weight and BCS of 3.5) will affect LH. In

heifers, Rhodes et al. (1995) suggested that LH was decreased when 17% of body weight
was lost.

Luteinizing hormone is necessary for normal folliculogenesis (McNeilly et al.,
1986), ovulation (Roche, 1996), and oocyte maturation (Younis et al., 1989). During the

early stages of the estrous cycle, LH pulse frequency is high (20-30 per 24 hours) due to
lack ofP4 inhibition. During midcycle, amplitude of pulses increases (1.2-7 ng/ml) and
frequency decreases. During luteolysis, pulse frequency increases again, followed by a
surge of LH(Rahe et al., 1980). LH binds to cumulus cells(Lawrence et al., 1980; Chen

et al., 1994), where it is important in increasing oxidation of energy substrates for the
oocyte (Zuelke and Brackett, 1993; 1994). In measuring follicular fluid eight to twenty
hours after the LH surge, Romero-Arredondo and Seidel(1994)found that LH induced

meiosis resumption and cumulus expansion ofimmature in vitro cultured oocytes,
suggesting that LH is capable of entering the follicle and inducing maturation. At 60

hours after luteolysis. Wise et al. (1994) reported cumulus expansion in only 5% of
oocytes from heifers not exhibiting an LH surge, compared to 78% of heifers with an LH
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surge. Furthermore, a higher percentage of degenerate oocytes was found in the non-

surge group(36%)compared to the surge group (19%). Surges of LH deviating from
the normal range in cattle(normal = LH surge 24-55 hours after a luteolytic dose of
PGFj^) have also been shown to increase the likelihood of abnormal oocyte maturation
(Callesen et al., 1986). In addition, Younis et al.(1989) reported that high concentrations
ofLH in estrus cow serum enhanced development of oocytes to the 4-8 cell stage.
Follicle stimulating hormone is necessary for follicular recruitment and selection
(as reviewed by Fortune, 1994; Roche, 1996), and is able to mediate oocyte maturation

(Younis et al., 1989; Saeki et al, 1990; 1991). Follicle stimulating hormone has been
shown to upregulate LH receptors on cumulus cells(Chen et al, 1994), but is still capable
ofinducing cumulus expansion on its own (Saeki et al, 1990; Zuelke and Brackett, 1994).

However, most studies agree that FSH pulsatile release(Dunn et al, 1974; Rhodes et al,
1995) or concentrations(McShane and Kiesler, 1991; Bergfield, 1994) are unchanged
with nutritional restriction. The lack of nutritional effect on FSH may be due to its
differential regulation by GnRH. Unlike LH, FSH is not stored in large quantities in the
pituitary or released in a pulsatile manner in response to GnRH pulses. Instead, FSH is
released gradually, and controlled by Ej and inhibin feedback (Roche, 1996).
Insulin and Insulin-like Growth Factor 1 (IGF-1)
Insulin regulates uptake of glucose by cells of all tissues in the body (Hocquette et

al, 1995), and is a potent stimulator of steroidogenesis in the ovary (Sauerwein et al,

1992; Spicer and Echtemcamp, 1995). Lucy et al.(1993) postulated that increased lGF-1
in blood and follicular fluid may increase follicular development on the bovine ovary.
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Energy restricted cattle have been shown to exhibit decreased insulin(McCann and
Hansel, 1986; Schrick et al., 1990; 1992) and IGF-1 concentrations(Rutter et al., 1989;
Yung et al., 1996).

Harrison and Randel(1986) observed increased ovulation rates by administering

energy restricted heifers with insulin, leading them to hypothesize that insulin affects
ovarian response to FSH. Addition of insulin to hormone and serum free maturation
medium has also been shown to increase fertilization rates(Matsui et al., 1995). While

insulin may affect the oocytes and embryonic development through altered steroidogenesis
or substrate availability, a role for IGF-1 is less likely. Rutter and Manns(1991)found no
differences in IGF-1 in cows mobilizing body energy reserves (higher free fatty acids in
plasma) during energy restriction. In vitro maturation and development of bovine
embryos are not affected by IGF-1 (Lee and Fukui, 1995). When comparing oocytes of
high developmental potential (ability to form blastocysts) versus those oflow

developmental potential, Hazelger et al.(1995)found no difference in follicular fluid IGF1.

Ovarian Steroids

Corpora lutea in heifers on energy restricted diets were smaller and lighter than
controls (Spitzer et al., 1978; Harrison and Randel, 1986; Rhodes, 1995). However, P4

concentrations have been shown to not differ (Staigmiller et al., 1979; Schrick et al., 1990;
Rutter and Manns, 1991), increase (Dunn et al., 1974), or decrease(Gombe and Hansel,

1973) due to restricted energy intake. The decrease in CL size may be due to decreasing
IGF-1, since IGF-1 receptors have been found on large luteal cells (Lucy et al., 1993).
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Schrick et al. (1992)reported possible subfiinctional corpora lutea and therefore lowered
plasma P4 in lactating cows just prior to nutritionally induced anestrus. However,
culturing ofluteal tissue revealed normal P4 production, suggesting that the CL is

unaffected and steroids may be metabolized as a highly expensive energy source during
periods of restriction. Interestingly, high concentrations ofP4(72.7 ng/ml) in follicular
fluid reduces the developmental potential of bovine oocytes(Hazegler et al., 1995),
possibly due to premature luteinization as observed in atretic follicles.
It is known that Ej increases upon removal ofthe CL and subsequent P4 decline
(Fogwell et al., 1978). In addition, P4 administered in low doses has been shown to
increase LH pulse frequency, but prevent ovulation ofthe dominant follicle (Sirois and
Fortune, 1990). These persistent follicles continue to produce Ej, which in high doses,
has been demonstrated to produce defective oocytes(Breuel et al., 1993; Ahmad et al.,

1995). While Dunn et al.(1974) and McShane and Keisler(1991)reported unchanged
plasma £2 concentrations in energy restricted cattle and sheep, they did not measure
follicular fluid Ej. Rutter and Manns(1991) discovered greater concentrations of£3 in
small (40.9 vs. 15.5 ng/ml) and large (229.9 vs. 137.6 ng/ml) follicles ofcows on energy

restricted diets compared to controls upon analyzing follicular fluid.
Direct Effects of Decreased Energy on Oocyte/Follicular Development/Embryonic
Development

Ayalon (1978) hypothesized that early embryonic death due to nutritional
restriction occurs between days six and seven of development, but recognized the lack of
studies focusing on the period before fertilization. Meanwhile, very few studies have
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attempted to relate reproductive problems due to low body condition or energy restriction
to direct effects on the oocyte. Greer et al. (1992) reported a decreased probability of
normal oocyte development in energy restricted cows. However, abnormal oocyte

development was correlated with decreased P4 and CL activity, but the number of oocytes
examined was probably too small(n=55)for accurate results. Dominguez(1995)found a
higher number of abnormal oocytes in cows with low body condition (BCS=1; scale 1-5.

Unfortunately, these oocytes were not subjected to culture procedures, and cows at a BCS
of 3.5 (scale 1-9) or less have been shown to become anestrus (Richards et al., 1989).

Follicular development has been reported to have been directly affected by
decreased energy intake (Wiltbank et al., 1964; Staigmiller et al., 1979; Rutter and Manns,

1991). Staigmiller et al.(1979) observed slightly increased development of small and
large follicles in response to FSH during periods of energy restriction. Rutter and Manns

(1991)found that medium sized follicles in energy restricted cattle were smaller (8.2 vs.
9.5 mm)and less prolific than controls, while the size oflarge and small follicles were
unchanged. In heifers, the diameter (11.8 vs. 13.7 mm)and persistence (9.8 vs. 11.9 days)
of dominant follicles and the proportion of estrous cycles with three dominant follicles was

increased during energy restriction compared to controls on a maintenance diet(Murphy
et al., 1991). In contrast, Spitzer et al. (1978) and McShane and Kiesler(1991) reported
no effects of energy restriction on follicular development. Despite these conflicting

results, most studies agree that ovulation rates are unaffected by restricted energy or low
body condition.

Energy restriction has been shown to decrease fertilization rates when embryos
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were examined at day three, eight, or eighteen (Hill et al., 1970). However, due to the
days of sampling, fertilization failure may actually have been embryonic death. Upon
oviductal flushing of heifers fed a low energy diet, Spitzer et al.(1978) reported no
difference in fertilization rate, leading them to hypothesize that embryonic loss is occuring

past day four postmating. During embryonic development, the maternal genome controls
the early embryo's development until day three when the embryonic genome takes over
the embryo's pattern of protein synthesis (Frei et al., 1989). Therefore, any oocyte
problems incurred as a result of energy restriction may not appear until day three or later,
and be mistaken for early embryonic loss.
Summary/Conclusions

Low body condition in cattle is indicative of a negative energy balance, which is

known to produce lower reproductive efficiency. Reproductive problems due to
decreased energy intake are most likely during oocyte development, folliculogenesis, or
early embryonic development. However, the actual period affected by energy restriction
as well as specific factors involved have yet to be determined.
Decreases in LH or disruption ofthe hypothalamic-pituitary axis have been
demonstrated in energy restricted cattle. Declines in LH may adversely affect normal
oocyte maturation, availability of substrates for the oocyte, or folliculogenesis and

ovulation. Progesterone concentrations have been reported to be reduced during energy

restriction due to smaller and lighter corpora lutea, possibly from a reduction in insulin or
IGF-1. Low P4 concentrations may cause persistent follicles with high Ej content, which
have been shown to damage the oocyte.
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Despite results that demonstrate reproductive failure due to decreased energy
intake occurs after fertilization and therefore does not affect the oocyte, it is possible that

oocyte abnormalities have been inaccurately measured and underestimated. Furthermore,
very few studies have focused directly on the oocyte as the cause of reproductive
problems in energy restricted cattle.
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3. STATEMENT OF THE PROBLEM

The effects of decreased nutrition and subsequent loss of body weight and body

condition score have long been known to detrimentally influence reproductive efficiency in
cattle. Restricted diets accompanied by weight loss have been shown to decrease

pregnancy rates, affect ovarian activity and reproductive endocrine systems, and cause
anestrus in severe cases. However, the importance of body condition separate from
weight loss and energy restriction has not been determined in most fertility studies.
Reproductive failure associated with restricted energy intake has been shown to
be due to embryonic loss. Lowered pregnancy rates due to embryonic death has major
economic implications, since the estimated cost for wintering open beef cows in the
United States is $1.1 billion annually (Inskeep and Peters, 1982). Furthermore,

conclusions concerning the effect of body condition score on endocrine and ovarian
parameters have been controversial, while direct effects on the oocyte have been explored
only briefly. Due to the lack of research in the area of embryonic mortality and weight
loss, it is clear that further research examining direct effects on the timing of embryonic
loss and factors associated with these losses are needed.

The objective ofthe present study was to determine the effects of different levels
of body condition in cows on the potential of oocytes to develop to the blastocyst stage. ,

Developmental potential of oocytes as related to pregnancy status was also determined as
a secondary objective. In vitro maturation, fertilization, and culture techniques were

utilized to conduct this experiment in order to elucidate direct effects on the oocyte itself.
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4. MATERIALS AND METHODS

Selection of Animals and Body Condition Scoring

The experiment was performed in four replicates, with a total of 141 cycling (n =
90)and pregnant(n = 51)beef cattle processed at Brown Packing Company (Gafl&iey,
SC)utilized as oocyte donors. Prior to collection, cows were body condition scored
according to the 1996 NRG nutritional requirements for beef cattle(BCS, scale 1-9; Table
1) by two experienced technicians. Cattle with body conditions of5 or 6 were classified
as good conditioned (Group G; n=75), while cattle with body conditions of3 or 4 were
classified as thin conditioned (Group T; n=66).
Chemicals and Media

Hepes-TL buffered saline (Specialty Media; Cell and Molecular Technologies;
Phillipsburg, NJ) was used as holding media for oocytes outside the incubator. Oocyte
maturation media(OMM)was Ham's F-10 nutrient mixture (Life Technologies, Grand

Island, NY) and contained 10% heat inactivated fetal bovine serum (Sigma Chemical Co.,
St. Louis, MO),LH(USDA Beltsville, MD;.03 ug/ml), and penicillin-streptomycin
(Sigma; 2 uL/ml). Media used for fertilization consisted ofIVF-TL solution (Specialty

Media), bovine serum albumin(BSA, fatty acid free; Sigma), pyruvate (Fisher Scientific,
Fair Lawn, NJ), and penicillin-streptomycin. CRl-aa(Rosenkrans et al., 1993; see

Appendix) was the medium selected for embryo culture.
Sample Collection

Upon slaughter, cattle selected to participate in the study were recorded, blood
samples were collected, and ovaries were removed. Cyclicity was determined by presence
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of a CL. At the time of ovariectomy, ovaries from pregnant cows(P) were separated
from the ovaries of non-pregnant(NP)cows, thus creating four total treatment groups

(GP, n=27; GNP, n=48; TP, n=24; TNP, n=42) based upon body condition and pregnancy
status. Ovaries lacking visible follicular development or from cows greater than 100 days

of gestation (Ginther et al, 1989), and their respective blood samples, were discarded.
Ovaries were placed in plastic bags according to treatment and immersed in a cooler filled
with warm water for immediate transfer to the laboratory.

Oocyte Removal and Selection (Appendix)

Upon arrival at the laboratory, ovaries were washed in warm water to remove any
excess blood and debris. Approximate time from removal of ovaries to follicular

processing was four hours. Numbers of small(5 mm or less), medium (6-10 mm),and
large (greater than 10 mm)follicles visible on the ovarian surface and presence or absence
of a CL were recorded. Liberation of oocytes was accomplished by grasping the ovary
with a hemostat, then making checkerboard incisions through follicles possessing a visible
antrum. Once all follicles were ruptured, the entire ovary was submerged in Hepes-TL

solution and swirled vigorously in order to free the oocytes. Because of clotting
problems, no follicles over 10 mm in diameter were processed. Following processing of
all ovaries, media volume was reduced through filtration utilizing a .22 um filter(Emcon

Filter Unit; Immuno Systems Inc.; Spring Valley, WI), and remaining media was decanted

into a gridded culture dish (Falcon, cat no. 1012; Becton Dickinson Labware, Franklin
Lakes, NY)for oocyte collection.

Oocytes were evaluated based on criteria established by deLoos et al.(1992) and
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Younis et al. (1989). Only oocytes containing an evenly granulated cytoplasm and a
compact layer of cumulus cells were selected to participate in the study.
In Vitro Maturation (Appendix)

After selection, oocytes were washed twice in fresh Hepes-TL solution. Oocytes
were then washed in two changes of previously prepared OMM. After the final wash,

oocytes were stripped of cumulus cells by drawing them through a pulled pipette

approximately 140 um in diameter. Partial removal of cumulus cells was necessary for
optimum fertilization when using this protocol. Stripped oocytes were then placed in 500
ul drops of maturation medium (-40 oocytes per drop) and incubated for 22 hours in a
humidified environment at 38.5°C under 5% COj in air.
In Vitro Fertilization (Appendix)

Semen from a single bull of known high fertility(American Breeder's Service, bull
no. 11H3568) was thawed and placed in 10 ml of Dulbecco's Phosphate Buffered Saline,
then centrifuged for 5 minutes at 800 x g. After centrifugation, all supernatant was

discarded, and pelletized spermatozoa were reconstituted in 400 ul of heparin solution and

capacitated for 15 minutes in the incubator. Upon removal from the incubator, 11 ml of
fertilization media were added to the sperm solution for a final concentration of 10®
sperm/ml. Motility was immediately determined with a 40X microscope; sperm had to be
at least 50% motile to be used.

Matured oocytes were then removed from the incubator and all OMM was

aspirated from each well. Maturation medium was replaced with 500 ul of sperm/IVFTALP solution per well and oocytes returned to the incubator.
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In Vitro Culture(Appendix)

Approximately 22 hours after fertilization, putative zygotes were removed from
fertilization medium and vortexed for 3-4 minutes to separate cumulus cells and dead

sperm. Zygotes were first washed twice in BSA + DPBS solution, and then twice in
CRlaa culture medium. After washing, zygotes were placed in 45 ul microdrops(10

zygotes per drop) of CRlaa and incubated under embryo-tested mineral oil (Sigma
Chemical Co.; St. Louis, MO).

On day 3 post-IVF, zygotes were examined for cleavage and 8-cell development
by two experienced technicians uninformed oftreatments. Five days after fertilization, 5
lA ofFetal Bovine Serum were added to each drop in order to provide additional energy

substrates for growing embryos. Blastocyst development was ascertained on day 8 postIVF.

Radioimmunoassays and Spectrophotometry

Upon arrival at the laboratory, blood samples were centrifuged at 2000 rpm for 30
minutes, and serum was aspirated and stored at -20°C until analyzation.
Radioimmunoassays(Coat-A-Count; Diagnostic Products Corp.; Los Angeles, CA)were

performed to determine concentrations of serum insulin and progesterone. Insulin and
progesterone were determined as described by Studer et al.(1993) and Seals et al. (1998),

respectively. Sensitivity ofthe insulin assay was .05 ng/tube (200 ^A sample volume) with
a 7.5% intra-assay coefficient of variance. Progesterone assay exhibited a .02 ng/tube

(100 lA sample volume) sensitivity with an intra-assay coefficient of variation of5.8%.

Spectrophotometry was utilized to measure blood urea nitrogen(BUN)and non22

esterified fatty acids(NEFA)in semm as described by Yambayamba et al. (1996). BUN
was determined utilizing a commercial kit(Sigma Diagnostics; St. Louis, MO)with a 3%
intra-assay coefficient of variance and sensitivity of 15 mg/dl(5 lA sample volume).
Concentrations of NEFA were determined using a NEFA-C kit(Wako Pure Chemical

Industries; Osaka, Japan), with a sensitivity of.125 mEq/1(50 jA sample volume) and a
6% intra-assay coefficient of variance. All assays were performed as quantifying factors
and were only compared by body condition.
Statistical Analysis

Comparisons between body condition, pregnancy status, and the interaction of
body condition and pregnancy were determined by analysis of variance using Statistical
Analysis System, Mixed Procedure(SAS, 1996). Assay data were analyzed utilizing a
randomized block design, while embryonic development and follicular parameters were
analyzed as a randomized block design with a 2 x 2 factorial treatment arrangement.
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5. RESULTS
Endocrine Profiles

Concentrations of progesterone in good conditioned cows did not differ from
those of thin conditioned cows(P = .77, Table 2). Due to high insulin concentrations in
two cows, insulin was log normalized in order to calculate accurate differences. Insulin

was lower in thin cows compared to good body condition cows(P == .0003; Table 2).
Analysis of blood urea nitrogen and non-esterified fatty acids revealed no differences in
between thin and good conditioned cattle(P = .65; P = .52, respectively; Table 2).
Embryonic Development

A total number of 1,032 oocytes were used for this study, with 306, 249, 225, and

252 from GNP, GP, TNP, and TP, respectively. Evaluation of covariance parameter
estimates revealed no effect of replication on any results. Percentage of oocytes recovered
from small and medium follicles, the number subjected to culture from the number
recovered, and total numbers of oocytes per replicate subjected to culture did not differ
due to body condition, pregnancy status, or their interaction (Tables 3 and 4). Body
condition had no effect on total percentage of embryos cleaved (P = .25) or development
to the 8-cell(P = .63) and blastocyst(P = .46; Figure 1) stages. Eight-cell (59.3 ± 7.8 vs.
59.5 ± 7.8; P = .98) and blastocyst (51.3 ± 8.5 vs. 59.2 ± 9.6; P = .45) development as

percentages of embryos cleaved did not differ between good and thin cows, respectively.
Pregnant and non-pregnant cows exhibited no difference in cleavage, 8-cell, or blastocyst

development(P = .66, .85, and .6, respectively; Figure 2). Based upon the percentage of
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Variable

Good

Thin

Progesterone(ng/ml)

5.5 ±.4

5.3 ± .5

BUN (mg/dl)

14.9 ±.5

15.3 ±.l

NEFA (mEq/l)

.52 ± .03

.57 ± .03

Insulin (ng/ml)**
**p=.0003

.67 ±.04

.50 ± .04

Table 3. Numbers, Utilization, and Recovery of Oocytes by Body Condition and Pregnancy
Status.
Variable

Good

Thin

Nonpreg

Preg

Total oocytes(per group)

555

All

531

501

Total oocytes(per repetition)*

69.4

59.6

66.4

62.6

Oocytes utilized / recovered(%)**

72.1

1S.6

77.5

73.1

Oocytes recovered / follicles(%)***

57.3

61.4

50.5

68.2

*p=.50, p=.79 for body condition and pregnancy status, respectively; pooled SE=9.9
**p=.38, p=.54 for body condition and pregnancy status, respectively
***p=.67, p=.09 for body condition and pregnancy status, respectively

Table 4. Numbers, Utilization, and Recovery of Oocytes by the Interaction between Body
Condition and Pregnancy Status.
Variable

GNP

GP

TNP

TP

Total oocytes(per group)

306

249

225

252

Total oocytes(per repetition)*

76.5

62.3

56.3

63

Oocytes utilized / recovered (%)**

75.3

69

79.9

77.3

Oocytes recovered / follicles(%)***
*p-.47, pooled SE=14
**p=.79
***p=.65

46.3

68.3

54.7

68.1
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Figure 1. Percentages of cleaved, 8-cell, and blastocyst development related to body condition.
Pooled standard errors were 5.4, 7, and 7.4, respectively.
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Figure 2. Percentages of cleaved, 8-cell, and blastocyst development related to pregnancy.
Pooled standard errors were 5.4, 7, and 7.4, respectively.

embryos cleaved, 8-cell (58.3 ± 7.8 vs. 60.6 + 7.8; P = .84) and blastocyst (51.7 ± 8.9 vs.
58.7 + 8.9;? = .49) development were not different between non-pregnant and pregnant
cows.

Interactions of body condition and pregnancy were significant only in the

percentage of oocytes cleaved from the total number between the GP and TP groups(GP
lower, P = .03; Figure 3). Eight-cell and blastocyst development were not affected as
percentages ofthe total number(P = .55 and .47, respectively; Figure 3).
Follicular Observations

Total follicular numbers per ovary were significantly affected by pregnancy, and
strongly influenced by body condition and the interaction of body condition and
pregnancy. Good conditioned cows exhibited a strong tendency for higher follicular
number than thin cows(12.8 + .9 vs. 11 ± .9, respectively; P = .09; Figure 4). Nonpregnant cows had only 10.5 ± .8 follicles per ovary compared with 13.3 ± 1 follicles
observed in the pregnant group (P = .006; Figure 4). In addition, follicular number in the
TNP group tended to be lower than GNP, GP, and TP groups(8.7 ± 1 vs. 12.3 ± .9, 13.2
± 1.3, 13.3 ± 1.3, respectively; P = .07).

Cows in thin body condition exhibited fewer small follicles than good conditioned
cows(P = .05; Figure 5). However, body condition had no effect on the number of

medium (P = .59) or large(P = .22; Figure 5)follicles. Non-pregnant cows had fewer

small follicles than pregnant cows(P = .0001), but numbers of medium and large follicles
were unaffected by pregnancy status(P = .23 and .19, respectively; Figure 6), When the
interaction of body condition and pregnancy was examined, TNP cows had fewer small
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follicles than the three other treatment groups(P = .02; Figure 7). Numbers of medium
sized follicles were not affected by any treatment(P = .56; Figure 7). Thin non-pregnant
cows had a greater number oflarge follicles than TP or GNP groups(P = .05), but did not
differ from GP cows (Figure 7).
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6. DISCUSSION
Endocrine Profiles

The lower insulin concentrations observed in thin cows compared to cows in
good condition were not surprising, since most studies report a decrease in insulin as a
result of energy restriction or loss of body condition (Harrison and Randel, 1986; McCann
and Hansel, 1986; Villa-Godoy et al., 1990; Schrick et al., 1990; 1992). A decrease in
insulin is necessary in order to increase fatty acid oxidation to meet an animal's metabolic
needs in a fasted state(McCann and Hansel, 1986). However, increased NEFA

concentrations were not observed in thin cows, suggesting that these animals were in a
state of glucose homeostasis. Keeping this in mind, the decreased insulin concentrations
may have been a metabolic adaptation to dietary intake.

Concentrations of serum progesterone did not differ between good and thin

conditioned cows. This finding is consistent with the results of Staigmiller et al. (1979),
Schrick et al. (1990), and Rutter and Manns(1991), who found no difference in P4due to
energy restriction in heifers or cows. However, Villa-Godoy et al.(1990) reported
decreased P4 in heifers due to an energy restricted diet. Schrick et al.(1992) and Richards
et al. (1989) demonstrated a decrease in P4 during energy restriction immediately prior to
the onset of nutritional anestrus. However, these studies were evaluating animals that
were in the process oflosing weight and body condition due to a restricted diet; whereas,
cows in our study were most likely not losing weight or body condition as indicated by the
lack of difference in BUN and NEFA.

During periods of negative energy balance, increased levels of nonesterified fatty
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acids in the blood signify that cattle are metabolizing body fat reserves in order to meet

their nutritional demands(Emery et al, 1992). An increase in plasma NEFA in response
to energy restriction in cattle is well documented (Villa-Godoy et al., 1990; Rutter and
Manns, 1991; Studer et al., 1993; Yamabayamba et al., 1996; Yung et al., 1996). In
contrast, our results show no differences in serum NEFA between thin and good

conditioned cows. Since the cows used for this study were from the abattoir, previous

nutritional plane was unknown and only body condition could be assessed. The lack of
differences in NEFA levels in the thin conditioned group indicate that these cows may not
have been dietarily restricted, but had maintained themselves at a low body condition for

some time. Rutter and Manns(1991) reported an increase in serum NEFA for only the
first five weeks of energy restriction in cows, after which no differences were observed.

Determination of body fat mobilization and energy balance in goats has revealed that
plasma NEFA concentrations are only useful for immediate assessment of energy status
(Dunshea et al., 1989).

Blood levels ofBUN are increased as a result of muscle breakdown as an energy
source; thereby identifying severe nutritional restriction (Ellenberger et al., 1989) or

excess crude protein in the diet (Canfield et al., 1990). Similar to the NEFA
measurements, the lack of difference in BUN between groups indicates that the cows in
the current study were probably not on restricted diets. These results allow the

exploration ofthe body condition alone without the confounding effects of energy
restriction.
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Oocyte and Embryonic Development

The main objective ofthis study was to determine the effects of body condition on
oocyte quality and subsequent development in vitro\ any effects due to pregnancy status
were a secondary objective. Neither body condition alone nor pregnancy alone had any
effect on total percentages of oocytes fertilized (cleaved), nor embryonic development to
the 8-cell and blastocyst stages. When body condition and pregnancy were examined
together, the GP group exhibited lower percentage of oocytes cleaved from the total
number than the TP group. All other interactions between groups for percent cleavage, 8cell, and blastocyst development were not different.

Nutritional effects on reproduction as related to the oocyte alone has been
investigated by very few researchers. Hill et al.(1970) suggested that fertilization failure
was responsible for lower pregnancy rates in undernourished heifers. However, those data
must be interpreted with some caution since fertilization failure may have actually been
embryonic death since days at which embryos were recovered (days 3, 8, 18 post-mating),
as well as the very small numbers of embryos used for each group (n=5). Greer et al.

(1992) reported a decreased probability of normal oocyte development due to a negative
correlation ofP4 and CL activity to oocyte development in energy restricted cows. Since
our results, as well as many others (Staigmiller et al., 1979; Schrick et al., 1990; Rutter

and Manns, 1991), report no difference in P4 or CL activity due to energy restriction

(Schrick et al., 1992), their conclusions are an unlikely possibility. Oocyte quality as
measured by visual assessment was decreased in cows with a BCS of one(Dominguez,
1995). However, cows become anestrus before a BCS of one is attained (Richards et al.,
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1989).

The cause ofthe observed difference in percent of oocytes cleaved between GP

and TP groups is unknown. However, the importance ofthis interaction is questionable,
since embryonic development to the 8-cell and blastocyst stages was unaffected by body
condition, pregnancy, or their interaction. In support ofthis statement, 8-cell and
blastocyst development as a percentage of oocytes cleaved were not different for any
treatment group.

The data seem to agree with that of Spitzer et al. (1978), who demonstrated no

differences in fertilization rate in heifers on a low energy diet. Upon oviductal flushing 24

- 72 hours post-mating, percentages of embryos cleaved were not different from that of
controls, thus indicating that oocytes from restricted animals were normal and capable of
fertilization.

In the current study, body condition alone was the only nutritional parameter

measured. When attempting to draw conclusions based on previous experiments, we feel
it is important to reiterate that the cows used for this study were not subjected to the
confounding effects of nutritional stress, unlike animals in the studies previously described.
To assume FSH and LH are not affected by body condition is tempting, due to the lack of
difference in oocyte development. However, gonadotropin levels were not measured, and

suggestions from other experiments may not pertain to body condition alone.
Lower insulin concentrations in thin cows did not seem to affect oocyte

development, although this does not negate the role of insulin in early embryonic
development. Schrick et al.(1992) and McCann and Hansel(1986) observed a rise in
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insulin coincidental to the LH surge in cycling cows and heifers, respectively.

Interestingly, Schrick et al. (1992) also found that this insulin surge decreases prior to
nutritionally induced anestrus. Since insulin has been shown to positively influence
fertilization rates in vitro (Matsui et al, 1995), a reduced insulin surge could possibly
affect embryonic developmental rates.

Unfortunately, blastocyst cell numbers were not counted due to technical
difficulties. If cell numbers in blastocysts were different between thin and good
conditioned cows, fiarther embryonic development could be adversely affected. Thatcher

et al.(1997) has recently reviewed the importance of bEFN-t in embiyonic survivability.
Production of blFN-t is regulated by size ofthe embryo, and an inadequate blastocyst cell
number may not allow for sufficient embryonic growth.

The switch from maternal to embryonic genome occurring at day three of

development (Frei et al, 1989) appeared to take place normally without adverse effects of
body condition. However, only immature oocytes exposed to identical in vitro culture
conditions were examined. In vivo, normal genomic development could be affected due to
thin body condition during the maturation and fertilization processes.
Foliicular Observations

The proportions of small, medium, and large follicles per ovary were compared to

three factors: body condition alone, pregnancy alone, and the interaction between body
condition and pregnancy. Good conditioned cows exhibited a strong tendency for greater
foliicular population per ovary than thin cows. Staigmiller et al. (1979) reported a high
correlation between and BCS and foliicular traits, both Rutter and Manns(1991) and
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Murphy et al. (1991)found differences in follicular dynamics between cattle on high and
low energy balances. Keeping the previously mentioned results in mind, it was not
surprising that a strong tendency existed for fewer follicles in thin non-pregnant cows
compared to the three other groups.
Thin conditioned cows also had less small follicles than cows in good body

condition. While few studies have examined the effects of body condition alone on

follicular populations, follicular development has been shown to become altered during
periods of energy restriction. Rutter and Manns(1991)found that large and small follicles
were unchanged in energy restricted cattle, but medium sized follicles became smaller and

less prolific. Staigmiller et al.(1979) discovered slightly higher development of small and
large follicles in response to FSH. However, Spitzer et al. (1978) and McShane and
Keisler(1991) reported no effects on follicular development.
Non-pregnant cows had significantly fewer follicles per ovary compared with
pregnant cows. Moreno et al.(1993) recovered a higher number of oocytes per ovary
from slaughtered pregnant cows compared to non-pregnant cows. Unfortunately, their
finding only suggests greater follicular development, since follicular numbers were not

recorded. Pregnant cattle continue follicular development in a similar manner as cycling
cattle. Ginther et al.(1989) demonstrated that the emergence offollicular waves, the

number of subordinate follicles, and the day of origin of dominant follicles did not differ
between pregnant and non-pregnant heifers during the first trimester. Although ovaries
were obtained only from the first trimester of pregnancy for this study, Ryan et al. (1993)

reported no difference in the numbers offollicles per ovary for all three trimesters.
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Only the number of small follicles per ovary was influenced by pregnancy status
and body condition, while medium and large follicular populations were unaffected. Nonpregnant cows had fewer small follicles than pregnant cows, which is in agreement with

the suggestion of Moreno et al. (1993). However, Ginther et al. (1989) reported no

differences in the number ofsubordinate follicles between pregnant and non-pregnant
heifers. Ryan et al. (1993) also found no differences in 4 - 8 mm follicles between
superovulated cycling and pregnant cows, but the increased gonadotropin level could have
influenced their results.

Numbers of small follicles per ovary were affected once again when the
relationship of body condition and pregnancy was examined. Thin non-pregnant cows
exhibited fewer small follicles than GP, GNP, or TP groups while no effect was observed
on the number of medium sized folhcles. Interestingly, TNP cows had a greater number of
large follicles per ovary than TP or GNP cows. This result disagrees with other studies in
which decreased dietary energy had been found to decrease the diameter and persistence
of dominant follicles(Murphy et al., 1991). While Ginther et al.(1989) ascertained a
greater diameter of dominant follicles in non-pregnant cattle, numbers oflarge follicles
were unchanged by pregnancy status.
It is puzzling that only the numbers of small follicles were affected by all group

arrangements, since a review ofthe literature has revealed fairly little support for this

result. One possibility for these effects is the decreased insulin levels found in thin cows.
Insulin has been shown to be a potent stimulator of steroidogenesis in the ovary
(Sauerwein et al.; 1992, Spicer and Echternkamp, 1995). By observing increased

41

ovulation rates in energy restricted heifers infused with insulin, Harrison and Randel

(1986) hypothesized that insulin affects ovarian response to FSH. Perhaps insulin is
affecting FSH activity in thin body conditioned cattle, namely the development of small

follicles. However, the numbers of medium sized follicles would also be expected to
decrease ifFSH was unable to perform normal follicular recruitment. The increased

number oflarge follicles observed in thin non-pregnant cows was also unexpected. It is
possible that these follicles were atretic or persistent, since oocytes from large follicles
were not evaluated. These follicles may produce large enough levels ofinhibin to

influence the growth of small follicles by negative feedback on FSH (as reviewed by
Roche, 1996).
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7. CONCLUSIONS

Lack of difference between circulating concentrations of NEFA and BUN
demonstrates that the animals used for this study were not nutritionally stressed. As a
result, we have been successful in eliminating the confounding effects of energy restriction
or loss of body weight. These eliminations allow us to focus solely on the effects of body
condition on oocyte developmental potential. The observed reduction in insulin seems to
be a metabolic adaptation in thin conditioned cows.

We conclude that oocytes do not differ in their ability to become fertilized and

subsequently develop as a result of body condition or pregnancy status. From a practical
standpoint, these results imply that if producers are able to maintain the body condition of
their breeding females, they will be at a reduced risk for lowered pregnancy rates.

However, if cows calve in poor condition, an increase in days postpartum will be
observed. Since body condition did not affect oocyte developmental potential to the

blastocyst stage, these data are also of interest to investigators utilizing large quantities of
oocytes from the abattoir for research purposes. Although oocyte quality should not be
affected, we would suggest that thin nonpregnant cattle be avoided as ovarian donors if
possible, since this group exhibited lower follicular numbers and may result in fewer
oocytes recovered. To elucidate any effects of restricted energy intake or weight loss on

oocyte development, this study should be repeated utilizing nutritionally restricted cattle
and transvaginal oocyte aspiration techniques.
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BOVINE IN VITRO/MATURATION/FERTILIZATION/CULTURE
PROCEDURES

These procedures are modifications of existing procedures ofParrish et al.
(1986), Xu et al. (1992), Hemandez-Ledezema et al. (1993), Hawk and Wall
(1994a,b), and Edwards and Hansen,(1996).
HELPFUL HINTS FOR SUCCESSFUL IVF

1.

All media should be prewarmed to 38.5°C before use in the following manner:
a) If media are prepared such that they are to be used in the culture room,

outside ofthe incubator, prewarm for at least 2 to 3 h in oven set at 38.5°C,
slide warmer or H2O bath. Make sure lid is on tight. Placement ofthese media
in a 5% CO2 environment may result in an alteration of pH that could be
detrimental to embryonic viability. Medium to be prewarmed in this manner
includes Saline, Hepes-TALP and Oocj^e Collection Medium.
b) If media are prepared for use in a 5% CO2 environment as would be any
medium used for embryo or cell culture, prewarm to 38.5°C in an incubator. In
order for the pH ofthe medium to be equilibrated it is important to loosen the
lid on any bottle of medium placed in the incubator. Leaving media buffered for
a specific CO2 environment outside the incubator too long will result in a
dramatic change of pH which could severely affect embryonic viability and
development. Media that must be prewarmed in an incubator to adjust the pH
include: OMM,IVF-TALP and CRlaa.

2.

Before looking at embryos using the microscopes for extended periods oftime, make
sure stage has been prewarmed. Metal is an excellent conductor of cold from one
material to another. Placement of a dish on a cold lab bench or microscope stage
could result in a rapid cold shock of embryos. Likewise when washing oocytes, place
beakers on plastic mesh as opposed to cold counter top. Whenever possible place
dishes containing putative zygotes(0/E)on slide warmer!11!

3.

Due to repeated opening and closing ofincubator door, temperature at the front of
the incubator fluctuates. Thus placing dishes containing 0/E at the back ofthe
incubator reduces exposure to changes oftemperatures.

4.

Pipette tips may contain toxins or other substances that might inhibit development of
embryos. As a precaution always rinse pipette tip with the medium to be used at
least once before adding new medium to a microdrop containing embryos.
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5.

Store mineral oil in the dark.

6.

Some culture tubes have proven toxic to sperm. When purifying or preparing sperm
for fertilization of oocytes use blue capped 15 mL conical tubes (Fisher; Cat no. 05539-5).

7.

When making any medium containing an amount ofBSA, place the BSA on top of
medium and allow to dissolve on its own without vortexing. BSA is a complex of

proteins, any vigorous pipetting may alter proteins.
8.

Avoid prolonged exposure of embryos to light.

COLLECTION OF OVARIES AND RETRIEVAL OF OOCYTES

1.

Before leaving for the slaughterhouse, place all media to be used for oocyte
collection and culture in 38.5°C oven. Prepare an appropriate number of50 pi drops
of OMM in 60 X 15 mm petri dishes (6-10/dish; Fisher Scientific; prefer petri dishes

as opposed to culture dishes to reduce attachment of cumulus cells to dish; aids in
subsequent transfer of oocytes or embryos) and cover with embryo tested mineral oil.
An alternative to culturing in microdrops, which requires overlaying with oil, culture

in 500 pi of medium. To do so, add 500 pi of OMM to each well of a 4-well Nunc

plate. Fifty up to 100 COCs may be cultured per well. Place in incubator at 38.5°C
until needed.

2.

Autoclave appropriate amount of saline(~2 L). Once cooled, add 10 mL of
Pen/Strep (Stock 25)to one liter of saline (final concentration ofPen/Strep is IX).
Pour approximately 500 mL of saline into each oftwo sterile ovary buckets. Place
the two ovary buckets in a thermos for transport. Add 10 mL Pen/Strep to one liter
sterile saline and place in 38.5°C oven until needed.

3.

Take thermos, scissors, hair-net, hard-hat, gloves, boots and lab-coat to

slaughterhouse. Remove ovaries from reproductive tract ofcows immediately after
internal organs are extracted from the carcass and place into one ovary bucket.
Collect only ovaries with substantial follicular development.
4.

After ovary collection, transfer ovaries from the first container into the second one

containing fresh saline with IX Pen/Strep; place ovary bucket containing ovaries into
thermos and transport immediately to the laboratory.

5.

Upon return to the lab put on clean gloves and wash ovaries vigorously 4 to 5 times
with fresh transport saline prewarmed to 38.5°C in oven and containing IX
Pen/Strep to remove blood and debris. Following washes, place ovaries in plastic
beakers containing fresh prewarmed saline IX Pen/Strep.
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6.

Add -200 mL oocyte collection medium into sterile 400 mL beakers.

7.

Put on new gloves and attach a hemostat to the base ofthe ovary such that the ovary
is firmly held in place. Discard fluid oflarge follicles(> 10 mm)by rupturing and
discarding fluid before processing ovaries (follicular fluid promotes clotting of
medium). Hold ovary above beaker and make checkerboard incisions (for 2 to 3 mm
squares) across the portion ofthe ovary that contains follicle structures. To prevent
contamination of medium with blood (which promotes formation of clots), do not
make checkerboard incisions across corpora lutea.

8.

Submerge ovary into oocyte collecting medium and swirl vigorously (not so
vigorously that excessive amounts of bubbles form). Repeat process until a group of
6 to 20 ovaries has been processed in a beaker.

9.

Once completed, place beaker in H2O bath for 4 to 5 min to allow oocytes and debris
to settle. Using a 25 mL pasteur pipette, slowly remove all but the bottom 50 mL of
medium. Add -200 mL offresh oocyte collection medium and repeat process(3 or 4
times) until medium is clear. Remove all but the bottom 50 mL of medium, then
transfer into a prewarmed gridded culture dish (100 x 15 mm; Falcon 1012) and
place on plate warmer until ready for searching.

10. An alternative to step 9 is to use an Emcon Filter unit(Vet Concepts, Spring Valley,
WI;- $9.50/filter). Specifically, rinse Emcon with - 10 mL oocyte collection
medium. Decant medium containing oocytes into filter unit and slowly filter all but 5
or 10 mL of medium. Cumulus oocyte complexes(COCs)will remain on top offilter
along with large pieces of ovarian debri. Rinse COCs with additional medium until
the remaining 10 mL is clear. Then decant remaining medium containing COCs into
a gridded culture dish (100 x 15 mm;Falcon 1012)for searching. Make sure to

gently rake the filter and rinse with additional medium to ensure liberation of all
COCs.

Note: To avoid excessive exposure of oocytes to cold shock, when washing oocytes
after collection do not place beaker on cold counter: instead, place beaker on plastic
mesh. This will avoid rapid conduction of cool temperature of counter to the
bottom of the beaker where the oocytes are. Additionally, before searching for
oocytes, turn on the microscope -20 min prior to use so the stage may warm up

before placing dish containing oocytes on it. If the temperature of the room is cooler
than normal, a heater can be placed in close proximity to the microscope such that
the air is warmer where one is to be working directly with the oocytes.

IN VITRO MATURATION

1.

Collect COCs; use of a wiretrol pipette minimizes the amount of debris transferred
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with the oocytes), as fast as possible to prevent adverse effects of cold shock. Only
COCs which have at least two or three layers of compact cumulus cells and an evenly

granulated cytoplasm with no dark spots or clear spaces should be used for
subsequent steps(Refer to Hawk and Wall, 1994a for pictures). Place COCs

retrieved into one 60 x 15 mm culture dish containing oocyte collection medium or
Hepes-TALP on the plate warmer.

2.

After oocyte retrieval is completed for one dish, wash oocytes an additional time in
oocyte collection medium or Hepes-TALP, followed by OMM and then transfer
immediately to microdrops(10 COCs/drop) or macrodrops(50 COCs/500 pi) of
OMM that has been prewarmed at 38.5°C in incubator for at least 2-3 h. Repeat

process for additional plates until all oocytes are collected. It is essential that oocytes
be collected, washed and placed in OMM as quickly as possible.
3.

Incubate COCs for 22 h at 38.5°C.

4.

Immediately following placement of oocytes in OMM,oocytes are drawn into a
glass pipette with an inside diamter of-140 pm and expelled. This partially
detaches cumulus cells on two sides ofthe COC. The cumulus cells that are

detached by pipetting are left in the wells with the oocytes. Stripping the oocytes
prior to maturation is necessary for optimal fertilization when following the
Beltsville procedure for IVF.
IN VITRO FERTILIZATION

1. Transfer a straw of semen from a single bull that has been thawed at 37°C to 10 mL

of Dulbecco's phosphate buffered saline(Sigma Chemical Co.; St. Louis, MO; Cat
No. D8537). Wash spermatozoa once by centrifuging(800 g for 5 min).

2. Aspirate supernatant and to the pelleted spermatozoa add 400 pi Heparin stock.
Allow to incubate for 15 min at 38.5°C in the incubator.

3. Following incubation of spermatozoa with Heparin stock, add 11 mL ofIVF-TALP.

4. Aspirate OMM from 4-well plates leaving oocytes attached to the bottom ofthe
wells. Very gently mix IVF-TALP containing spermatozoa and add 500 pi per well.

Verify that spermatozoa are alive and progressively motile and then place culture
plates in incubator at 38.5°C.

POST-rVF: EARLY AND LATE EMBRYONIC DEVELOPMENT
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Note; It is essential that transfer or handling of O/E (putative zygotes) be done as
quickly as possible or subsequent development rates will be affected.
Beltsville

A. 22h post-IVF

After microscope and slide warmer have been warmed sufficiently, remove one 4-11 plate
containing oocytes and spermatozoa from the incubator and place on slide warmer.
Cumulus cells from O/E should be removed. Transfer all O/E(up to 250)from one 4-well

plate to 1 mL of mouse PBS contained within a 15 mL conical tube. Vortex for 3 to 4
min.

1. Decant O/E into a 60 mm petri dish and then rinse conical tube 3-4 times with a total
of 10 mL mouse PBS. Wash O/E 1 or 2 X in mouse PBS followed by a final wash in

culture medium of choice(CRlaa + BSA)and then transfer to microdrops
(10/microdrop) or macrodrops(40/500 pi) of CRlaa that were prepared earlier and
prewarmed in the incubator for a minimum of 2-3 h. Note: if coculture is the
method of choice follow procedures outlined in the subsequent section for
preparation of plates.
B. Day 5 Post-IVF

1.

Add htFBS as 10% oftotal culture solution (example: 5ul in 50ul microdrops).

C. Days 7-9 Post-IVF

1.

Assess development of embryos to blastocyst stage.

PREPARATION OF MEDIA

A. General Notes

1.

When making a solution, please place two dates on the bottle if appropriate: the date
made and the expiration date. Additionally, label all stocks "FOR IVF".

2.

Store all media at designated areas in the walk-in cooler(4°C) or the new laboratory
freezer (-20°C).

3.

Unless otherwise noted, use Sigma culture grade water or water filtered using a
MilliQ system.

4.

In general, prewarm medium for several hours prior to use; if medium is to be used at
room temperature outside ofthe incubator prewarm in oven at 38.5°C with lid
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capped tightly, however, if medium is to be used for the purpose of culturing ceils or
embryos in the incubator prewarm to 38.5°C in incubator so that the pH may be
equilibrated.
5.

For stocks, label every tube.

6.

Don't sterile filter solutions if you can autoclave. When autoclaving solutions, mark
the volume of each container before autoclaving. After autoclaving, bring the
volume of solutions back to their original volume with autoclaved water.

7.

During filtration, use the most economical filters for the volume being sterilized. If
filtering less than 20 mL, use syringe tip filters. For larger volumes, screw-on bottle
filters are the most economical. Generally, filters can be used to sterilize several
types of media (eg. TALP solutions).

8.

All glassware is to be soaked in either Sigma-Clean (glassware used for salt

solutions) or PCC-54(glassware used for protein medium). Recommended by R.M.
Robert's Lab. A word of caution when using detergents. Always rinse glass ware
thoroughly(10 to 20 times with dH20 followed by one rinse with filtered dHjO)

prior to autoclaving. When possible, avoid recycling glassware and use Nalgene
flasks and culture bottles attached to filter units.
B. Stock Solutions

Stock 1: NaCl. Dissolve 6.665 g in 50 mL water. Sterile filter and store at 4°C. Label
as "Stock 1; NaCl, date made".

Stock 2: KCL Dissolve 0.588 g in 50 mL water. Sterile filter and store at 4°C. Label as
"Stock 2: KCl, date made".

Stock 3: NaHCO;. Dissolve 1.052 g in 50 mL water. Sterile filter and store at 4°C for
one week only. Label as "Stock 3: Bicarb, date made, expiration date".

Stock 4: PO,. Dissolve 0.235 g NaH2P04+H20 in 50 mL water. Sterile filter and store at
4°C. Label as "Stock 4: PO4, date made".

Stock 5; Na lactate. Purchase as a 60% syrup. Store indefinitely at 4°C. Label as
"Stock 5: Na Lactate, date purchased".

Stock 6: 1 M HEPES. Add 119 g of HEPES to 400 mL water. Adjust pH to 7.0 and
bring volume up to 500 mL. Sterile filter and cover container with aluminum foil; store at
4°C indefinitely. Label as "Stock 6; 1 M HEPES; date made".
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Stock 7: CaCU. Dissolve 1.470 g CaCl2+2H20 in 50 mL water. Sterile filter and store at
4°C. Label as "Stock 7; CaCl2, date made".
Stock 8: MgCU. Dissolve 1.017 g ofMgCl2+6H20 in 50 mL water. Sterile filter and
store at 4°C. Label as "Stock 8: MgCl2, date made".
Stock 9: Na pvruvate. Dissolve 0.275 g Na Pyruvate (Sigma; cat no. P-5280)in 50 mL
0.9% saline. Sterile filter and store in aliquots of 500 gl.
Stock 10: Bovine Steer Serum CBSSV Prepare 10 mL aliquots ofBSS (Pel-Freeze) and
store at -20°C indefinitely. Label as "Stock 10: BSS, date made".

Stock 11: BSS/Hep. Add 1000 USP units of sterile heparin (dissolved in small volume of
water) into 500 mL BSS. Store in 8 mL aliquots indefinitely at -20°C. Label as "Stock
11: FCS/Hep; date made"(5.34 mg).
Stock 12: Estradiol. Dissolve 1 to 3 mg estradiol in ethanol for a final concentration of 1
mg/mL. Store in a glass tube at -20°C for 2 months. Label as "stock 12: Estradiol, date
made; expiration date".

Stock 13: FSH-P. Reconstitute FSH-P with saline for a final concentration of5 mg/mL
(follow direction on bottle). Place 500 //I aliquots into sterile 1.5 mL microfiige tubes and
store indefinitely at -20°C. Label as "stock 13: FSH-P; date made".

Stock 14: Heparin. Dissolve 20 mg in 10 mL water. Pipette into 250 gl aliquots and
store at -20°C in bullet tubes indefinitely. Label as "Stock 14: Hep, date made".

Stock 14b: Heparin. Beltsville fertilization stock; Dissolve 50 gg heparin (Sigma, H8514)in 1 mL IVF-TL (Specialty Media, BSS-OlO). Sterile filter, place in incubator to
allow pH to equilibrate, store in 500 gl sterile aliquots.
Stock 15: Gentamycin.(Sigma, G-1397; 50 mg/mL). Dilute to 5 mg/mL concentration
with water and sterile filter. Pipette 1 mL aliquots into sterile 12 x 75 tubes and store at 20°C indefinitely. Label as "Stock 15: Gent; date made".

Stock 16: ABAM (\ mLl.(Sigma, A-9909). Aliquot 1 mL into sterile 12 x 75 tubes and
store indefinitely at -20°C. Label as "Stock 16: ABAM (1 mL); date made".

Stock 17: Pen/Strep (4 mL). (Sigma; p0781; 10,000 units Pen-G and 10 mg
Streptomycin) Thaw 100 mL bottle and aliquot 4 mL into sterile 12 x 75 tubes and store
at -20°C indefinitely. Label as "Stock 17: Pen/Strep (4 mL); date made".
Stock 18: ABAM /Home-made: lOOXL for 101 transport saline. Combine 0.555 g
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Amphotericin B (Solubilized; Sigma, A-9528; 25 ug/mL), 100 million lU Penicillin G
(Sigma, P-3032; 10,000 lU/mL), and 100 g Streptomycin Sulfate (Sigma, S-9137; 10
mg/mL) with 10 L saline and allow for complete solubilization by prolonged stirring.
Sterile filter or autoclave and store in 50 mL conical tubes in walk in freezer. Label as

"Stock 18: Home-made ABAM (lOOX)". This stock can be used instead ofPen/Strep
when there is a problem with fungus contamination.
Stock 19: Hyaluronidase. Prepare stock solution oftype IV hyaluronidase at 10 mg/mL
saline (approx. 8000 U/mL)and store 1.2 mL aliquots at -20°C indefinitely. Label as
"Stock 19: Hyal.; date made".
Stock 20: PRE Mix. Prepare primary stocks of 1 mM hypotaurine(Sigma H-1348; 1.09
mg/10 mL saline), 2 mM penicillamine (Sigma P-5000; 3 mg/10 mL saline) and 250 pM
epinephrine (Sigma E-4250; 1.83 mg/ 40 mL ofthe following solution (165 mg 60% Na
lactate syrup, 50 mg Na metabisulfate and 50 mL H2O)). Epinephrine is easily oxidized by
direct light so take precautions to avoid this problem. Combine 5 mL of 1 mM
hypotaurine, 5 mL of2 mM penicillamine, 2 mL of250 pM epinephrine and 8 mL of
saline and sterile filter. Aliquot 400 pi ofPHE Mix into sterile microfuge tubes and store
in a light resistant container at -20°C indefinitely. Upon retrieval ofPEE Mix for use,
wrap tube in aluminum foil.

Stock 21: Glutamine. Prepare stock solution of 1.5 g glutamine/ 100 mL water, sterile
filter and store 1 mL aliquots at -20°C indefinitely. Label as stock 21: Glut, date made.
Stock 22: MgCL for Percoll. Prepare 0.1 M stock by adding 0.203 g MgCl2 to 10 mL
water. Sterile filter and store at 4°C indefinitely.

Stock 23: CaCL for Percoll. Prepare 1 M stock by adding 0.735 g CaCl2+2H20 to 5 mL
water. Sterile filter and store at 4°C indefinitely.
Stock 24: Trvpsin. Prepare 5 mL aliquots of Ix trypsin (Sigma, #1-5650) and store at 20°C until use.

Stock 25: 100 X Pen/Strep (Sigma; p0781; 10,000 units Pen-G and 10 mg Streptomycin)
Thaw 100 mL bottles and prepare 10 mL aliquots. Store at -20°C until needed. Label as
stock 25 100 X Pen/Strep (10 mL); date made.

Stock 26: 100 X ABAM (Sigma; A-9909) Thaw 100 mL bottles and prepare 10 mL
aliquots. Store at -20°C until needed. Label as stock 26 100 X ABAM (10 mL); date
made.

Stock 27: Alanine: Dissolve 0.0445g alanine in 5 mL CRl stock. Sterile filter and aliquot
in 200 pi.
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Stock 28: Glycine: Dissolve 0.375g glycine in 5 mL CRl stock. Sterile filter and aliquot
in 200 |il.

C Oocyte Collecting Medium (Hepes-TL solution)
May be purchased from BioWhitaker, 8830 Biggs Ford Rd,PO Box 127, Walkersville,
MD 21793; 1-800-638-8174; Cat no. 04-616F(500 mL bottles).
D. Oocyte Maturation Medium
1.

M199: On night before use, add 1 aliquot stock 10: BSS, 1 aliquot stock 15: gent.,
400 pi stock 13: FSH-P, 200 pi stock 12: estradiol, 1 mL stock 9: Na Pyruvate and 1
mL stock 21: Glutamine to one bottle of TCM-199(90 mL). Change label to read
"Oocyte maturation medium" and use within 1 week. Write expiration date on label.

1.

Ham's FIO: 16.2 mL Ham's FIO, 1.8 mL htFBS, 36 pi Pen/Strep, purified LH (0.03
pg/mL). Sterile filter.

E. Embryo Culture Medium
CRlaa

Make CRl stock (prepare in a 25 mL volumetric flask):
25mL

NaCl
Kcl
NaHCO 3
Na Pyruvate
Glutamine
Hemi-Ca Lactate

167.50 mg
5.75 mg
55.00 mg
1.00 mg
3.75 mg
13.75 mg

200mL

1340 mg
46 mg
440 mg
8 mg
30 mg
110 mg

Add ~ 15 mL of culture grade water to volumetric flask and add first 5 ingredients to
water. Thoroughly dissolve constiutents and then add Hemi-Ca Lactate. Note:
constituents ofthis medium are known to precipitate out of solution. To minimize the
chances ofthis occurring, use immediately after making. If a medium appears white and
cloudy, discard and start again.
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CRlaa (flnal working medium)
To 5 mL of CRl stock add:
BSA Fraction V

3.00 mg/mL(15 mg)
Gentamycin Stock
0.5 gl/mL (2.5 gl)

50 gl (100 X stock)
50 gl(100 X stock)

Nonessential amino acids
Essential amino acids

Sterile filter medium; Rosenkrans and First 1991 35:p266 Theriogenology Abstr.
F. TL Media

Note: TL media are now made and purchased from Specialty Media.
Ingredient(mL)
Catalogue Number
Water

Stock 1: NaCl
Stock 2: KCl

Stock 3: NaHCOj
Stock 4: PO4

Sp-TL

HEPES-TL

IVF-TL

BSS-009-D

BSS-Oll-C

BSS-OIO-D

177.0

79.232

4.34

10.0

1.96

4.0

40.157
2.5
1.00

10.00

1.6

5.00

1.0

2.0

0.50

Stock 5: Na-lactate

0.368

0.372

0.093

Stock 6: HEPES

1.0

2.0

0

Stock 7: CaClj
Stock 8: MgClj

1.0

2.0

0.50

1.10

1.0

0.25

pH

7.4

7.3

7.4

Osmolarity(mOsm)

1.

275-285

295-305

290-300

If media is prepared in laboratory, adjust pH on solutions and check osmolarity. If
osmolarity is not correct, discard solutions and start over. Use TL stocks to prepare
TALP solutions. Sterile filter remaining Sp-TL and store at 4°C for up to 1 week.
Write expiration date of label.
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G. TALP Media

Ingredient

TL(mL)
BSA, Fraction V (mg)
BSA,EFAF(mg)
Stock 9: Na pyr(mL)
Stock 15: Gent (pi)
Stock 14: Hep (pi)

Hepes-TALP*

Sp-TALP

100.0

38.0

IVF-TALP*

50.0

240

300

0

0

0

300

2.0

1.0

0.5

80

150

50

0

0

250

* Use entire volume of TL stocks to prepare TALP solutions
1.

Sterile filter and store at 4°C until use. Discard after 1 week.

H. Beltsville Fertilization Medium. 22 mL IVF-TL solution (Specialty Media), 0.132 g
BSA (Fatty Acid Free, cat no. A-8806; Sigma), 0.220 mL Pen/Strep, 0.110 mL Pyruvate
Stock. Sterile filter.

/. Transport Saline

1.

Prepare a carboy by determining 10 1 mark.

2.

Add 90 g NaCl and distilled water to the 10 1 mark. Mix thoroughly. Label as "0.9%
saline, date made" and store indefinitely at room temperature.

3.

When needed pour saline into 1 L bottles and autoclave. When cooled add 10 mL

stock 25: Pen/Strep to each liter of saline required. Pour -700 mL into each of2 sterile
ovary buckets. Save remaining saline for washing ovaries following their transport to the
laboratory.

Note: Adding ABAM when saline is too hot may destroy antibacterial and antiflmgal
activities.

J. Mouse PBS Dissolve 1 mg BSA Fraction V (Sigma, Cat no. A-3311)in 100 mL
DPBS (Sigma, cat no. D-4031). Add 0.2 mL Pen/Strep and sterile filter.
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K. Mineral Oil

1.

Purchase embryo tested mineral oil from Sigma(M-8410)and store at room
temperature indefinitely.

2.

Alternatively, paraffin(VWR,#8894-07) or silicon (Aldrich, #14,615-3) oil that has
not been embryo tested can be used iffirst extracted with water. Combine equal
volumes of oil and water and incubate at 37 to 40°C overnight. Repeat process two
to three times and store oil at room temperature. However, toxic effects of these oils
may still persist following extraction. Therefore, use of embryo tested mineral oil
from Sigma is preferred.
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